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1. Introduction 
There have been several recent reports of the 
damagmg effects of vrsible light exposure WOO nm) 
on varrous microorganisms ] 1,2] and cultured mam- 
malian cells [3-S] . WI-38 human fibroblasts how a 
gradual decline m growth rate with exposure to visible 
light [6] with younger cells bemg more susceptrble 
to photokilling and with partial protection observed 
by DL-o-tocopherol or vitamin E. Visible light- 
absorbing chromophores and vitamin E are largely 
associated with the inner mltochondnal membrane. 
A previous tudy made on the effect of visible light 
exposure to isolated mrtochondna has indicated a 
flavin-photosenatized mitration process and oxygen- 
dependent damage to energy coupling, flavm 
dehydrogenases and quinones, but not to hemo- 
proteins of the inner membrane. In this study, with 
isolated hepatocytes, the pattern of mtracellular 
damage was studied with a view towards clarifymg 
the mechanism of cellular photokrllmg. 
Exposure of rat hepatocytes to visible light 
(400-720 nm) of intensity 300 mW/cm2 results in a 
selectrve pattern of subcellular damage. Plasma mem- 
brane permeability and enzymes are largely unaffected, 
whereas mactrvatron occurs to inner mitochondrral 
membrane nzymes in vrvo in a pattern sunrlar to 
exposure of mrtochondrra mvitro. The most sensitive 
parameters of damage were inactivation of catalase 
and inactivation of lysosomal enzymes. Partial protec- 
tion to lipid against vrsrble light damage 1s afforded 
by membrane antroxidants hke DL-o-tocopherol. The 
same ffects are also observed in hepatocytes from 
animals grown on diets deficient and supplemented 
with DL-o-tocopherol. Partral protection to proteins 
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against visible light damage 1s afforded by reducing 
condrtions, substrate t KCN and proton-donating 
reagents. The results indicate that both flavms and 
hemes may serve as the vrsrble light-absorbmg chromo- 
phores (>400 nm) to propagate intracellular damage 
which results m photokilling of mammalian cells. 
2. Methods 
Hepatocytes were isolated from 280-300 g male 
Long-Evans rats accordmg to [7] . Briefly, this 
involves liver perfusion with Ca”-free buffer followed 
by perfusion with collagenase. The dispersed hepato- 
cytes were washed 3 times in ice cold 0.25 M sucrose 
by centrifugatron and resuspended in 10 vol. 0.25 M 
sucrose. For experiments hey were illuminated wrth 
300 mW/cm’ visible hght 400-720 nm as in [8] 
together with dark controls. 
2.1. Assays 
Enzyme assays were as follows: cytochrome c
oxidase, catalase and N-acetyl-&glucosammidase [9] ; 
succinate dehydrogenase and succinate oxidase [8] ; 
glucose-6.phosphatase and 5’nucleotidase as m [lo] 
except hat half the substrate concentration was 
employed. Phosphate was determined as m [ 1 l] . 
Lipid peroxidation by the method m [ 121 as described 
in [8]. NADH-cytochrome c reductase and NADPH- 
cytochrome c reductase were measured inthe presence 
of 1 mM KCN as m [ 131. Several other assays were 
modified. 
Glutathrone peroxdase was adapted from [ 141 as 
follows. a reactron mixture (20 ml) 50 mM Tris- 
chloride (pH 7.6), 0.1 mM EDTA, 0.12 mM NADH 
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and 0.28 M glutathrone were mixed with 12 units of 
a glutathione reductase solution (Sigma Chemical 
Company). The reaction was initiated by adding 
0.1 ml sonicated cell suspension to 0.9 ml of the 
above mixture. At equilibrium the reactron was 
initiated by addition of 30 ~1 of 6.6 mM solution of 
cumene hydroperoxrde (Polysciences Inc.). 
exclusion technique [171 and by the extent of release 
of lactate dehydrogenase actrvity. 
Butylated hydroxytoluene and DL-o-tocopherol 
were dissolved in absolute thanol to give 1 mM or 
100 PM solutions. They were then added to the 
hepatocyte suspensron to the final concentrations 
indicated m fig.2. 
Urate oxidase was assayed by a moditication of Vitamin Edeflcrent and supplemented rats: 
[ 151 as follows A reaction mixture (0.9 ml) of Sprague-Dawley male rats, 120 g, were fed at least 
30 mM potassium phosphate buffer (pH 7.4), 1 mM 4 weeks on a DL-o-tocopherol supplemented (Bro- 
EDTA and 0.1% Trrton Xl00 (w/w) was mixed with Mix no. 799) or deficient @o-Mix no. 810) diet 
0.1 ml somcated cell suspension, equilibrated for (Hoffman-La Roche, Inc., Nutley, NJ) before being 
3-5 min: the reaction was commenced by addition used. Hepatocytes were prepared from both groups 
to 20 ~14.2 mM sodium urate. A molar extinction on the same day and adjusted to the same protein 
coefficient of EtZpz nm) = 12 200 was employed for concentration before illuminated. Assays of lipid 
calculation of its disappearance [ 161. peroxrdation and enzymes were as in [8] . 
For measurement of total enzyme activrty hepato- 
cytes were sonicated for 2 mm at 4’C with 30 s inter- 
vals in a Branson somfier model 350. Latency was 
estimated as in [9] , VIZ. cells were homogemzed by 
10 up-and-down strokes in a Dounce Type B homoge- 
nizer, centrrfuged at 50 X g to remove unbroken cells 
and activity assayed in the supernatant fraction. 
Cell vrabllrty was determined by the trypan blue 
3. Results 
Over a 12 h period of light exposure no release of 
lactate dehydrogenase or uptake of trypan blue was 
observed (table 1). Also plasma membrane nzymes 
5’nucleotidase and /I-leucyl naphthylamidase w re 
Table 1 
Effect of visrble light and oxygen exposure of hepatocytes on permeabdity and enzymes of 
intracellular 0rganeIles 
Incubation 
(h) 
Actrvrty (nmol/ 
mm/mg protein) 
InitraI Totala 
% Actrvrty 
Total Latent 
resrdual 
Lysosomes 
N-acetyl ,+gIucosa- 
mimdase 
Acrd phosphatase 
Cathepsm C 
2, dark 153 5.92 74 
2,llght 4.14 5.33 90 5 
2, dark 0.76 1.61 53 
2, light 1.18 1.42 88 17 
2, dark 2.32 5.35 56 
2, light 0.77 0.94 18 19 
Peroxisomes 
CataIase 4, dark 7.68 15.36 50 
4, light 0.18 0.24 2 25 
Mrtochondrra 
Cytochrome c 12, dark 37.55 99.30 62 
oxrdase 12,llght 79.94 106 50 107 25 
a Assays in the presence of Trrton X-100 or Emasol detergents 
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Fig.1 Effects of exposure of rat hepatocytes to vlslble light and oxygen 
only slightly mactlvated Under these condltlons, 
however, other intracellular enzymes were markedly 
InactIvated. ~itochondrlal damage was mdlcated by a 
decrease m latency of cytochrome c oxldase and 
destruction of various enzymes m the followmg 
order succmate dehydrogenase > succmate oxldase > 
glutathlone peroxldase > NADH-cytochrome c 
oxidase > cytochrome c oxldase (fig.1). 
Lysosomal damage was also extensive, as indicated 
by release of cathepsm C, acid phosphatase and 
N-acetyl-&glucosammldase, mdlcatmg loss of latency 
of these enzymes. Following this, the total actlvlty 
of these enzymes also dimmished, mdlcatmg that 
they were being mactivated. Inactlvatlon of these 
er,zymes was m the same order as their loss of latency. 
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Some evidence of damage to mrcrosomal membranes 
was mdicated by a decline m glucose-6phosphatase 
act&y. The most ll~t-sensitive enzyme was found 
to be catalase, an enzyme associated with the peroxl- 
somal fraction Another peroxlsomal enzyme, urate 
oxldase, also present m the same subcellular compart- 
ment, was relatively less susceptible to light damage. 
In add&on to mactwation of protein enzymes, 
destruction of membrane lipids was indicated by lipid 
peroxldatlon. 
3.1. Protection agarnst wzble light damage 
Several treatments were attempted to prevent 
vlslble light damage. The addltlon of succmate + KCN 
were maximally effectwe (fig.2). Also EDTA was 
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Succlnote Dehydrogenose Table 2 
Effect of visible hght on hpld peroxldatlon and succmate 
dehydrogenase m hepatocytes from rats fed on vltamm 
Edeficlent and supplemented iets 
Incubation 
time (h) 
E-Deficient E-Supplemented 
2 
4 
8 
12 
(nmol malonaldehyde/mg protem) 
dark control hght dark control light 
0.37 3 20 0.40 2 08 
0.50 5 64 0.80 2 73 
0.79 6 10 0.42 3.75 
0 69 6.22 0.42 3.75 
Llpid PeroxIdatIon 
Succmate dehydrogenase activity 
% act. dark control % act dark control 
2 75a 74b 
4 69 64 
8 41 43 
12 23 29 
ap b Zero time activity was 0 062 and 0 071 ymol succmate/mg 
protem, respectively 
Data are averages of duplicate samples 
a ‘0 4 8 I2 0 4 8 I2 
4. Discussion 
Hours of lllummotlon 
Fig.2 Protection of hepatocytes agamst visible hght damage 
by addition of antioxldants and reducmg reagents. In expen- 
ments mvolvmg antloxldants, controls were made with an 
eqmvalent amount of ethanol added. 
active in suppressron of enzyme inactivation as of 
succmate dehydrogenase and lipid peroxrdatron. 
Incubatron of hepatocytes with succmate t KCN or 
EDTA are both condrtions whrch would lead to 
extremely reducing condrtrons DLa-tocopherol and 
butylated hydroxytoluene were very effective against 
preventron of hprd damage but only the latter antr- 
oxrdant appreciably affected the pattern of enzyme 
mactrvatron. Rats fed wrth a vrtamm E-deficient diet 
showed a marked increase m lipid peroxidation com- 
pared to rats on a vrtamm E-supplemented diet 
(table 2). However, no sigmficant difference m enzyme 
inactrvatron was observed. 
Vrsrble hght exposure clearly leads to a selective 
pattern of mtracellular destruction. The plasma mem- 
brane 1s highly refractrve to damage, whereas the 
most marked pattern of damage was the loss of the 
latency of lysosomal enzymes and their mactrvatron, 
and the mactrvatron of catalase. There have been 
previous reports indrcating mactivatron of catalase by 
sunlight [ 18,191 and we (Kellogg and L.P., unpublished 
results) wrll report separately upon the photo- 
mactrvatron mechanism of catalase. The great lability 
of lysosomal enzymes m hepatocytes to photo- 
damage 1s expected since these organelles are known 
to accumulate flavms, hemes and transrtron metals 
such as iron and copper [20]. Lysosomes also contam 
flavm hydrolysmg enzymes such as acid phosphatase 
Hence flavm-photosensrtrzed reactions may occur. 
Indeed, dye photosensitrzed damage to lysosomes has 
been observed [2 l] by fluorescence mrcroscopy The 
pattern of mactrvatron of mrtochondrra m mtact 
hepatocytes follows closely that observed earlier for 
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mitochondria in vitro where inactrvation was largely 
confined to flavm-linked enzymes. 
These results uggest that the location of flavin or 
heme photoreceptors in intracellular organelles and 
their relative absorption may determine the degree to 
which enzymes are inactivated. The protection against 
visible light damage of succinate dehydrogenase by
substrate t KCN or by EDTA may be the result of 
flavin reduction which can occur photochemically 
under these conditions [22] . Vitamin E was highly 
effective m preventmg lipid peroxrdation but did not 
significantly protect against enzyme inactivation, 
which mdicates that a different mechanism is involved 
m each case. The fact that cells from vitamin 
Edeficient rats showed augmented rates of lipid 
peroxidation without increased enzyme inactivation 
supported this idea. 
The marked sensitivity of catalase and the loss of 
latency and inactivation of mrtochondnal energy- 
hnked enzymes uggest that crucial systems involved 
in the protection against oxidative damage in the cell 
will result in pathology and may result in photo- 
killing. However the various enzymes involved in rrre- 
parable intracellular damage have not yet been un- 
ambiguously demonstrated, although damage in all 
three of the organelles mvolved in cellular oxidative 
and energy metabolism occur simultaneously. Future 
studies are being directed towards elucidating these 
enzymes and towards identifying the nature of the 
free radical species initrated by blue light exposure. 
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